The present study was undertaken to provide further evid ence for mechanisms proposed for the toxicity of ingested winged bean lectin in animals: to determine its effect on activities of some hydrolases localized in the brush border membrane of the small intestine. An adaptive increase in sucrase activity of rats given a high-sucrose diet (HSD) was restrained by the addition to HSD of a lectin fraction (WBLF) isolated from raw winged beans but not by that of heated WBLF or soybean trypsin inhibitor. Restraining effects of WBLF added to HSD on time course changes in activities of sucrase, alkaline phosphatase and leucine aminopeptidase of rats after giving HSD were similar to those of concanavalin A, which had been observed in the previous study. These results substantiate that the mechanism of the toxicity of ingested winged bean lectin involves its binding to the luminal surface of the small intestine and in turn disturbing the functional formation of the brush border membrane.
The poor nutritional properties of raw beans have been ascribed to the trypsin inhibitor, lectins and other toxic substances present (1-3). Jaffe and Korte (4) reported that trypsin inhibitor, amylase inhibitor and lectins are present in raw winged beans (Psophocarpus tetragonolobus) and that diets prepared with the raw beans are toxic to rats. In our previous study (5) , the lectins or similar substances present in raw winged beans were suggested to be major factors in the toxicity.
Regarding the mechanisms involved in the toxicity of winged beans, Higuchi et al. (6) proposed that the binding of the lectin to epithelial cells of the gastrointestinal tract might be the initial step of the induction of the adverse effects by lectin . We recently demonstrated (7) that the mechanisms of adverse effects of ingested concanavalin A (Con A) involve its binding to the surface of epithelial cells of the small intestine, whereby disturbance occurs in the functional formation of the brush border membrane, and that this might apply to gastrointestinal disorders observed with ingestion of other toxic bean lectins. Thus, the purpose of this study was to verify the above-mentioned suggestion via observation of the effects of ingested lectins isolated from raw winged beans on activities of intestinal enzymes localized in the brush border membrane of the small intestine (8) . The activity of these enzymes has been adopted as criteria for typical functioning of the brush border membrane. amount of food consumed restrained the adaptive increase in sucrase activity owing to dietary sucrose. This restraining effect of WBLF added to a high-sucrose diet on intestinal sucrase activity is common to that of Con A added to the same diet, which has been previously reported by Nakata and Kimura (7). The results of experiment 2 are shown in Table 1 . Sucrase activity in rats 25h after being given 5g of the control diet was unaffected by the delayed feeding of the WBLF diet, which was resumed 20h later, whereas the restraining effect of WBLF diet feeding on sucrase activity was not ameliorated by delayed feeding of the control diet. We previously reported that the adaptive changes in sucrase activity of rats given a high sucrose diet were prevented by the addition of Con A to the diet, but were unaffected by the delayed feeding of the diet containing Con A (7). These findings have excluded the possibility that ingested Con A might bring about the luminal loss of the brush border membrane owing to ingested Con A (29) . The results of the present experiment strongly suggest that the effect of ingested WBLF on intestinal sucrase activity might be compatible with that of ingested Con A (7). Table 2 shows the results of experiment 3. As observed in experiment 1, sucrase activity in rats 24h after being given the control diet was significantly increased as compared with that in rats before refeeding, the increase being prevented by replacing supplemented casein with WBLF in the diet. However, the heated WBLF diet or TI diet refeeding in rats after a 48h fast had no effect on the adaptive in crease in sucrase activity owing to dietary sucrose. These results reproduce the adaptive changes observed in sucrase activity of rats given a high-sucrose diet, 106 T. KIMURA et al. Table 2 . Effect of winged bean lectin fraction (WBLF) or soybean trypsin inhibitor TI added to a basal diet on intestinal sucrose activity in rats experiment 3).
MATERIALS AND METHODS
1 Rats after a 48h fast were killed before refeedin . 2 Rats after a 48h fast were given 5g of the diet, and were killed 24h later . as demonstrated in the preceding experiments, and support the suggestion that the lectins present in raw winged beans are major factors in toxicity owing to ingestion of the raw beans (5). As shown in Fig. 2 (experiment 4) , intestinal sucrase activity of rats given the control diet remained constant for 16h, and increased considerably by 24h. In contrast to time-course changes in sucrase activity, alkaline phosphatase and leucine aminopeptidase activities markedly increased within several hours. However, adaptive changes observed in these enzyme activities of rats given a high sucrose diet were prevented by the addition of WBLF to the diet. The time-course changes in the hydrolase activities in rats given the high-sucrose diet were similar to those observed in the previous study (7) , this restraining effect of WBLF diet feeding on enzyme activities being consistent with that of the Con A diet feeding (7) .
Higuchi et al. (6) have reported that hemagglutinating activity was detected in the intestinal mucosa and feces of rats ingesting winged bean lectin, which is resistant to digestive enzymes. Our previous study (7) demonstrated that: 1) Ingested Con A is unaltered during its passage through the gastrointestinal tract and is rapidly excreted.
2) The mechanisms of the adverse effect of ingested Con A involve its binding to the surface of epithelial cells of the small intestine, as has been shown by Padolsky and Weiser (30) , whereby disturbance occurs in the functional formation of the brush border membrane.
3) The toxicity of ingested Con A might apply to gastrointestinal disorders observed with ingestion of other toxic bean lectins.
The effects of WBLF, observed in the present study, added to the high sucrose diet on the hydrolase activities of enzymes localized in the brush border membrane of the small intestine were similar to those of Con A observed in the previous study (7) .
Accordingly, the following conclusion may be drawn: the mechanisms of the adverse effect of ingested WBLF involve its binding to the surface of epithelial cells in the small intestine, as has been demonstrated by Higuchi et al. (6) , whereby disturbance occurs in the functional formation of the brush border membrane.
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